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Purpose&
Contents

In order to improve income of domestic farm house and to enhance value
of cultivated mushroom products of Phellinus baumii, we investigated new
approach by using beta-glucan from the mushroom. Most of the reported
functions of beta-gluca has been immunostimulation and anticancer
activity. However, to find novel functions of beta-glucan from Phellinus
baumii, we approached finding increased genes and prove the efficacy of
the induced genes by the oral administered beta-glucan in mouse. Total
mRNAs were isolated from mouse liver tissue and found three increased
genes by the microarray method. The augmented genes were also
reconfirmed by realtime PCR analysis. The new functions by the increased
genes were completed systemically in experimental animal.

Results

We found three genes of FMO, corin and metallothionein from the mouse
liver tissue that was orally administered beta-glucan. Among the FMO
family, realtime PCR analysis showed that FMO2, FMO3 and FMO4 isotypes
were increased, especially FMO3 was most strongly augmented. The
induced FMQOs decreased odor compound of TMA in urine and increased
excretion of pesticide from the serum. We found increase of ANP by the
induced corin enzyme. The binding of ANP to Wnt receptor could be
novel antitumor mechanism. The increased corin enzyme augmented
secretion of Na® from the kidney, showing an antihypertensive activity.
Orally administered beta-glucan also promoted excretion of heavy metals
of Pb and Cd metals in mouse organs. We are the first reporter in the
world induction of FMO, corin, metallothionein genes by beta-glucan in
this project.

Expected
Contribution

As we found novel functions of Phellinus baumii in this project, the
following applications could be achieved:

1) FMO3 field: Rapid clearance of pesticides, rapid nicotine clearing
agent, deodorizer in pet and livestock raiser.
2) Corin field: Development of non-toxic antihypertensive drug, heart
attack preventing drug and antitumor agent.
3) MT field: Development of toxic heavy metal scavenger including lead
or cadmium.
Therefore, it is expected to contribute greatly to increase income of
domestic mushroom grower due to the finding new functions of
beta-glucan from Phellinus baumii.

Keywords

beta-glucan FMO Corin Metallothionein| heavy metal
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o] BA#o] 19118 Da o) A e Aol R3e ARA Furo|t),

FMO2, FMO3,
FMO4, FMO5
(Liver)

/7]

FMO1, FMO2,
FMO4, FMO5
(Kidney)

Fig. 2-2. Expression of FMO proteins in various organ in human. Human liver
tissue expresses FMO2Z, FMO3, FMO4 and FMO5.
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Fig. 2-3. Typical examples of heterocompound that could be metabolized by FMO3

enzyme. Arrow indicates action point by FMO3.
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S0l glenz FAAALE kst AEste] =l el ojnpA] & 4 vk I,
© Aol AFERE whe-m] AR AL s Ry Sllel A iR Ajuistal glerme &
ATHAE Fsko] AL wbem] AW Ale] AES o r Wy gEY 5§
HHE W g JderR aliit gl avs F3ste] g7k 258 SHAE
At FAAel A yaele FE Foll W (FAe L uA SR Foll Fof gl
8%7HA =), AF(FA ] 14% o =4), A3, A, 2 J9 32 Al
FEET L3 Al 4 | Yaee oF A8 nd, 7AAEE 29, fAkaaE
Al o] mE A% FAsy Fusies HET 4% <8 489S dod
T (Hanna, 2006). =3 U922 =353 gl $83% ade=w zgsto] Hatd
W Ad 9 SEeb], 28449 2 BEed d9ds 58 fUsteR FeulY
yUzd Fa A8 ww A A eompAl & 5 9l Ysge FMO
= =

(flavin—containing monooxygenase)°ll 23] U FZE -1-N-S3-A}9]

2 Hu o] YRS age Ao R &5t (Berg et al, 2010).
(A) (B)

1-2% 0.4-0.8%

Cotinine I Niotine
[0 e 5% MNicotine-gluc
J
SHC 1.2-1.6%
T e

Fig. 2-5. Metabolism of nicotine (A) and carbendazim (B) by FMO3 enzyme,
which was increased by the oral administration of beta-glucan from Z.

baumii.
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oln] ®i1yl ui7b Atk Corin WA 28 7| 1S A¥HEW transmembrane serine
protease?! Corin< inactive & EJQl pro-ANPZ active FEjQl ANPE AdA| 7t} &
x-];?;].gq ANP= }\]XL U1 ULZ EJJJ—J,} 7LO 47(4 7144—01]/\1 _/,5 ﬂo] NPR- Aoﬂ 73513}04
AEW GTPE cGMP= H3AIA Na'e] wjd X, Na'e] AFF oA 4 A+
Z+-gS yeRdtt (Zhoua and Wu, 2013) (Fig. 2—6).

Jk?i

pro-ANP

O

o /\ Blocking Wnt receptor
@ > @ v

Anti-cancer
Anti-metastasis

T ‘Antl-hypertentlon ‘ ‘Antl-erectlle dysfuntion ‘

Fig. 2-6. Biological functions of ANP which was produced by the action of corin
membrane enzyme on pro—ANP. The produced ANP exerts various

functions by binding to NPRA or Wnt receptor.
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Bouley, 2012) (Fig. 2-7). A7l 4 Corin
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oly e} x}&9 spiral artery remodeling$ 5}‘—78/\
|7hA 7FA 3 vk ((Kaitu'u-Lino et al., 2013)).
g9 Ask A4S UEiE A g8HA AT, 2 "4% 7]
A= AAolrt Aol HB-ATAFO &S AarAATH
Bu= LA 9tk (Su et al, 2017). ¥ FACIA WA HE-2 %
Corin &M A S WA= RS HEx2Z Huydde ®vt oy Ay
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Angictensinogen

Juxtaglomerutar | » Renin
Bpﬂaralus |
Adrenal :
Ang | gland |
Ang Il —e
L
Pro-ANP _D"n = ANP
| Hearl
Aldosierone

A\

_‘.. Na-—
Amlﬁnﬂ:ﬂe

Tubwlar
lumen

Kidney

principal cells Interstitium

Fig. 2-7. Mechanism of reduction of blood pressure and heart attack by ANP
which was produced aby the action of corin in heart.

4. Metalothionein (MT) @& o] &5 tigh A5
7 AW a5 =24 9 Al

2 AFRE APATFE F& A WE-ZF3E moused AFUF AT F
39S 74 %ol MT1(metallothionein 1)< 4.6¥], MT2(metallothionein 2)+= 11.389] =7}
gt Z1& metabolomicsE &3 &It MTE Al2HAS @ol 283 a4 ZAF
AFEAGHAZA QAT EANA 18F AEe 7154 o} (isoform)S 7FA 3L = A 9|
2t#l 4] 2t} (Thirumoorthy et al., 2011). MTx AA# el Ay 7|5S FA = &
dagk Adesasel ofd, 2, 78 Adste] AW Iasas5Y LS #AAA
=0 78 MT &49 #&o dFHolt; (Ogorek, et al, 2017). H3F Cadimium,
arsenic 5% 2 ¥ FATEEI AFete] AelA AATH. Al FHEol
oW olEvy FE, HsHE Ash 7Y, 9R, W9 RV ey AZe e
AT FEE & Atk (Saghazadeh and Rezael, 2017) wrebA] s Ale] WER-=
FHE A 73 suEHes AAste AUk 2 &g A4S S3AE F Ak
2 AT HAE Fotol gAY HE-SF 0] 73 FEES AATE F dvke A
S Hx2 g
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L o) F #Zgo 2 Q13 metallothionein (MT)9] 2a 3} z2H-&

MTE 2Ef 2o ddats guda 34 2o oz s28 QAHHAE, A9
o] L3} WAL 9 FAAAF A FrE M |
SAl =y stelEsd wepd & Zeleu s
shelo] Al~dloe] o mM A 3
o ge MT A4S 243

x oy
>
ot
[>
m ®
o

Cd, CLUSTER Cd, CLUSTER

(B-domain) (a-domain)

Fig. 2-8. Mechanism of excretion of Cd heavy metal by metallothionein (MT). Oral
administration of beta-glucan of Phellinus baumii induced MT expression in mouse

liver tissue, which accelerated excretion of Cd or Pb in mouse.

A28 ATAIL F0-9 AEALAIA FAHE AR
1. FMO #+dA&d
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gol AF Fod & FrrES HAsgT. A Fo ® PBEE AF A
carbendazim 213 hAIE ZJA AL, B A4Re FHIAA NN P baumiid FEEL
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| AcHs D-05
AR AFAA=
MEAIEICH
Ly
1XH15(2014) 2% (2015) 3AHIE(2016)
Nes= EMO guisfel waiat s | | COMMEIlwunn MT Raixtel walst s
& Microarray # Microarray g
- FMO1~FMOS5 28 ¢ 7 - Corin SHAL 28 73 ¢ !\nn;_crrgraé;?{éﬂ e
=2 # In vivo Experiment # In vivo Experiment ; 2
Heehs | ) [ &7 e Bperi i e 5 5 92 vl peimon:
8 - 520 7 N A - Mouse ZZI0JIA{9] corin _ Mouse ZA10IK 2] MT
HiLH O - FMO1~FMOS & 3t — R dE my ] QA ursl Had
HEES] * Metabo!ism Ana|y5i5 # Metabolism Analysis o b E|-L o i
S8 Ap01 42l LR T - 201 Na HiE £ L e
=0F, otﬂguug%gq - L|ZEIs] B Dy Re ThE
HIERE SEHA g —Glucang]
L=l S MP OG5 =4
=

Scheme 1. Annual plan of the project on the functions of FMOs, corin and metalothionein which were

induced by the oral injection of beta-glucan from Phellinus baumii in mice.

A 14 FMO w39 283 &5

L2394 48

7}. P. baumii® 3

2 AYS fste] FAlEFRAL(FAN, )02 Y WY #FE Aol Phellinus
baumii pilat®] AAAZE AAr}. P. baumu/] AAA ] Az +EE 10 1 & F
FrE AFESte] 100TeolA 10A7FEQt F5351%A 1:} Fig. 1olA XHo]l= nie} ol
PBE, PBW % PBGtT P. baumii® X}’éiﬂi—‘?—lﬂ 2307 UFr E} FMO subclass®]
20 55 93] PBR, PBW % PBGE ICR 4% U}Tv/—“—oﬂ 20 =+ 100 mg/kg (n=3,

9§ FER T 18, F TBS ATl AR 28 FFFEAS] 9

-1 =

_20_




st AnE FRsol galelel Hhoag 025 mel §How 2 nhgel ATEa

Phellinus baumii
(Fruit body)

- Powder
- Extraction with H,O (x10 vol 100°C. 10 hrs)
- Filtered

[ Water extract (PBE) ] Residue

- Concentrated

- Added cold EtOH (x3 vol)

- Stored (4°C, 4 hrs)

- Centrifuged (4°C. 3000 rpm. 20 min)

[ Supernatant ] [ p-Glucan fraction]

- Concentration (60°C)

izati - Lyophylizati
- Lvophylization yophylization

PBW PBG

Fig. 3-1. Fractionation of PBE, PBW and PBG from carpophores of P. baumii.

L}, Microarray 1

PBEEZ ICR 7 whgze 19 =E  7d98d A7FAE & wexs
dichloromethane 27]% }"Q‘ O]’oq O]":ﬂ’/\}—}\]zﬂ)\q icroarray E—/_\jl g [e) '5‘]-04 Z_]_-»JZ—X] }\:1

&) o
% mRNAE F=3FA . 7roll Al total RNA F=E2S 47 913, 150 mgel F =45
1.5 ml¢] RNA <¢H4 3} 1 (Sigma-Aldrich, MO, USA)2. & AH#|ate] {1 @y =
Hds BEEYT. gz % PBEAZS AT o=ZRE A& total RNAE Mouse
Gene 1.0 ST array (Affymetrix Inc., CA, USA)E A}&3t E48AY (Fig. 3-2).

Control

Oral Admin.

(1 or 7 days)

; l‘i., . , e gﬁ Total MRNA
w Liver Tissue

ICR Mouse | cDNA (green probe) |

AAAAS NSNS
ARAA AAAA, T

Combined
both cDNAs

e —

Hybridized to
Microarray

B-Glucan

Oral Admin.

(lor7 days gﬁ
. o

%‘i—“ (100 mgidays)

ICR Mouse

cDNA (red probe)

Total mMRNA

Liver Tissue

Fig. 3-2. Procedure for microarray analysis in mouse liver tissue that was treated
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with beta-glucan fraction of P. baumil.

t}. Carbendazim (Xenobiotics)® 74+ %o

FMO subclassol €3+ 254 Al Ao W3 PBES &3= #7187 $1ste] ICR 47
2o PBEE 19 13] 20 =+100 mg/kgel %2 A Folstith 8 A, &

Hfol 9= 7halthA (carbendazim) 500 mg/kga -2 Al A FostAnh A F
of 7hlvty AA BA=E A st7] 98, 7kt o]l FojEA] 05 1, 1.5, 2, 6, 12A]3F
o Ak & QFEARAIZ] mhg-2= 9] ’“;‘Loi—?‘ﬂ dHs At bz = 500 mg/kg

=L R
9] carbendazim% Fo]3}9) 31 PBEE A ottt (Fig. 3-3).

PBE ,

(p.0. inj) Carbendazim HPLC analysis

e 500 mg/kg, p.o.

________________ Tt e A A A
[ | ]
| I I I T R N | L1 1 | |
T T TT T I 1 1 >
@ A4 2 % # 5 6 T @ ¥l LS T 5 12
(Day) (hr)

Fig. 3-3. Protocol for the clearance of xenobiotic in mouse that was treated with
beta—glucan of P. baumii.

2}, ¢cDNA®] 34

:|o

PBE, PBW % PBGel 2] FMO subclass vﬁx} e s 243517 ¢35 total
RNAE ot ¥ Zo] F&3rh ¥eAzl 3k 3 2 2% 24 (0.1 g)ol 1 ml TRIzol
AlekS AHrbsta E9ES A Chloroform% H7bkowa  RNAEH
aqueous phaseE <11, isopropyl alcohol® RNAE X dA]7ith o]z RNA pellets
75 % olerE® AlH e RNaseZl §le S75 50plel &3 A Z k. Moloney murine
leukemia virus (M-MLV) Q?ﬂ/\}i/\ (Promega, USA)E ©]&3}9] cDNA<] FH A
7Ie S FYsd Y. M-MLV 944 24 (M-MLV RT)+= IImRNA T3 o=zF
Bl cDNA Aol AHgE 4 = RNA S EADNA 9 &40tk 5 g RNA, 1 1l
9] oligo (dT) (0.5 pg/uh)et 4 ple] DEPC Agl¥ T/ TS 70Tl A 1023
sl ar 55 o]t AL FAT 4 e 5 x reaction buffer, 2 029 10 mM dNTP
E3tE, 24 wh ddH20 2 0.1 @0 RNase inhibitorE #7}ste] HEws =S A%
P WHE=& 427ColA 3 #3F wigstar, 1 ule] M-MLV S 45 H7bg o]
T 42TCoA 60 #3F F7F wf ekt CDNA e 70ClA 5 & st tdow
A FAsAT. =42 PCRE o83t SA] STEsAY AFEA7EA] -20°Coll A %s
ATt

o

of
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ul. FMO subclass 2 #F2] PCR #4

k-2~ 2h oA E Al A FMO fdA 2ds £43H7] 9@, PCR %2

FMOI1, FMO2, FMO3, FMO4 % FMO5e| Seo]#)l Zefolm & gfat= 72l Taq
polymerases #7}stdtt (Table 3-1). <% 95°ColAd 2 &3 74 (initial
denaturation)@F ©]% 30 %7t 95°C (denaturaion), 30 %%} 55°C (annealing), 1 %t
72°C (elongation), 5 #%F final elongationS 303] A &&}ith. PCR A& 1% oF7f
227 A7)GEo R FAETh

Table 3-1. Primers used for PCR of mouse FMO genes.

Gene PCR
(Tissue product Direction Primer sequence (5' —3')
used) (bp)
FMO1
(Kidney) 217 F CAT TCC AAC TAC AAG GAC TCG
FMO1
(Kidney) 217 R TGT CTC TGG ACA GTG GGA AGT
FMO2
(Lung) 382 F CCG GGT CTT TAA GGG TTT CAG G
FMO2
(Lung) 382 R AGG CTC CAT CTT CCC AAC CGT A
FMO3
(Liver) 102 F CAG CAT TTA CCA ATC GGT CTT C
FMO3
(Liver) 102 R TTG CTG TGA TGC ATG AAG TTG
FMO4
(Kidney) 144 F TCC TGA GCC CAC ATT TAC CTC
FMO4
(Kidney) 144 R CCA GTG TTT CCA AGA CCA ACC
FMO5
(Liver) 235 F GCT TGC CTA CAC GGT TCA AG
&‘@2}?) 235 R ATC ACA CGG ATG CTC ACC TG
GAPDH 302 F AGC CTC GTC CCG TAG ACA AA
GAPDH 302 R CAC GAC ATA CTC AGC ACC GGC

ok 2% gl A AY

ICR v}§-20] PBEZ 0, 20, 100 mg/kgo 2 ZFold % 7 do] At F 8 U

7HH 500 mg/kgs ARl et € s wRe 7hiuR Fof $ 05,
1.0, 2, 6, 12 A7t Fo] EA sttt @3 7hitg] 59 HPLCEA S f8, 30 &
ob EEo]FWA06 ml olEolMH I E(EIOAC)E AM&3le] 045 ml Aol A
unmetabolized carbendazm< FE3tATh olojA, EF=S 15 # & A s,
EtOAcSS ol3l=2 2 FHo] mokth HPLCEAS 93, 0.1 ml9) EtOAcES 429
A BAIZEERE AZEAIZL B3 HPLCEAlS 98 0.1 mle] wekgol &3 A #HT (Fig.
3-4). Carbendazim (methyl 2 benzimidazole carbamate, CoHgN3O,, FW 191.19),
acetonitrile, methanol ¥ HPLC& -2 Sigma-Aldrich Co.ol4 + 3 t}h. HPLCEA]
< 9% carbendazim (1 mg/mDe] A& HE wghso|A Azttt AFE A AL
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ol
e

171 A7bA] 4°Cell B33k St). Calibrations $18F Jpiith o] 78 H2 dAS o
<2 34354 1, 10, 100 2 1,000 pg/mle] ¥ E5E WET 245 nmol A UVH
(Shodex RI 71, Dionex, Germany)E& AF&3%F HPLC (Dionex, Germany)= &% 7}
e B39 HPLCEA =1L E]rgiﬂr 2t} ol 54 MeOH:E (1 :
., flow rate2 1 ml/min®] 2L, ¢ F3+= 20 wlolt}. 717] A& 93 2 AL
245nm 2 HPLC Luna column 5p CI8 (2) 100 A (250.4 mm, Phenomenex, USA)o]
At

i ofo
N

1
Ji Mo [Z
(o3

—

—LA\_/
jus)

_

N o

ICR mouse (4 ~ 5 week)

v l
. “;
(’,,m
——— —
2
0.5 1.0 1.5 20 6 1, (Hrs) Ceuu';f;i:nlﬁocom

© e Ol axdminis tration
-
o
‘:&'

Blood Serum EtOAc 0.6 ml +
Serum 0.45 ml
Result
Flow rate HPLC N
(L) (MeOH Water) Amﬂy is (20 ul)
—
111 <050 AtRTﬁhrs
MeOH (0.1 ml) EtOAc fraction
0.1 ml)

Fig. 3-4. Determination of residual carbendazim of the mouse serum that was
treated with carbendazim in the absence or presence of beta—-glucan

treatment.

Al SPME-GC/MSE ©]-83 2¥F TMAY &<l

d

24’\]7J A 2o 3AFFTE dste] 16 mlE LAl W5 3FE &
JEE3 Ho] AW sample & 2 mlS 4-ml vial with a

polypropylene screwed cap and a PTFE/silicone septum (Supelco, USA)el| ¥ o] w}7j
£ 2% SPME fiber(75 um carboxen/polydimethylsiloxane Stable FlexTVM, Supelco,
USA)E wl7llell Zof 80 TollA 1023t extractions 83} Th Extraction ©]% &2
o] E&49 fibers ©]& Agilent 6890N gas chromatography instrument (Agilent,
USA)E o] &3te] GC/MSE 5% phenyl dimethylpolysiloxane fused-silica capillary
column (DB-5MS 30 m x 250 pm i.d., film thickness 0.25 um, J&W Scientific,
USA)E o]&3te gt GC/MS +AZ21e AfSE 40ToA 2% 20T
/min¥ &8 320C7HA HAlste] F 203 Mt FPF=Ee 250C, AE57]=
= 300C=E stk AMelel7F~2E Hes 1 ml/mino. 2 o] &3ttt o] &3F= 70eV 9
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UA 2 El 230ColA st m/z 58, 422 trimethylamines 73} v} Standard

curveE FLEE dEdtHA A3 o] Fro| wWE areas A4sFe] standard curveZ
a9% FAS F3ke] sample°l EH?'SHGC/MSE Fefste] TMAY F5E 3t

o}. Headspace GCE o]&3t A¥F TMAY &<l
24712 A FA S AW 3AFFTE Yste 16 mlE FUshA 2o FEs &
TMAS 4& AT & LSS Ho A ZHESE Aol Fof Az AW
sample % 2 ml& 4 ml screw top vial (Agilent, USA)o] €3 10 M NaOH 1 ml<

3] pre-drilled LB-2 septa (Thermogreen, USA)2S. 2 vl & o} 0TCAA 20 &7
o] extraction equilibrations 218} th. 1 ©]F gas syringe (1750RN 500 ul
SYR (Hamilton, USA)S wm}/lo] Zotheadspace AollA 500 w9 gasE FE3}o]
ACME 6100 gas chromatography instrument (3 #7]7], Korea)ol4] GC #4412 a
FactorFourTV; Capillary Column (VF-5MS, 30 m, 0.25 mm 0.25 pm, Agilent, USA)<=
o]-§sto] FastAT. GC oA 102 °]% 10TC/min¥ <¢
150C7HA = Alste] F 25:E%F PR FYUF2E= 20T, AF7I2Ev 280T=
slith. Standard curve® dElstiA 88t Fol 73

2 areas
< T3t sampled] tdl GCE 33t TMAS =

=1]
P2

1:1737\74_0_ Z EJQJ: 40°C

LN

o]

=
=

standard curveE 193 F2]

RE AFSAL Holk 33 AAstYal Har + SEM @2 AA AT Frgke] 15
ZF ¥lalE= InStat 3.06 (GraphPad software Inc., San Diego, CA, USA)S A}-&3}o]
one-way ANOVAce] 9l3] 3ttt p kol <0.052 A% EA4 FJ45 ey

1

-

Ao 7 3tgt).

2. A2

S R

Microarray &4 &
e 708
microarray+
Alal o] %

o A7}

F A2 Zao] 3 microarray Analysis
PBE 475 w29 FhoA A& total mRNAE AREsti T
AL = 100 mg/kgel PBEE e]ﬁl T3] ARl
PBE®] @< A5 (SOA) 9af 8 7§ B 3 7He] #HdA7F 242}

HaEJT fxA o2 PBES v Tl oaf 2371 2 1170
2 A3kt (Table 3-2).

T
=
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Table 3-2. Microarray analysis of mouse liver tissue following single and multiple

oral administrations of 100 mg/kg PBE.

Oral Cutoff Liver Gene No. of Modulated Genex
Administration | (Fold change) Expression SOA MOA
UpP 1184 1358
te DOWN 1264 1153
e UP 328 368
Control vs 100 DOWN 292 304
mg/kg PBE UP 45 g7
’ DOWN 61 5]
UP 8 23
; DOWN 3 11

*For the microarray analysis, total mRNA was extracted from the liver of ICR male
mice with/without single or multiple oral administrations of 100 mg/kg PBE. SOA:

single oral administration, MOA: multiple oral administrations over 7 days.

FMO3, BC014805, Slc34a2, Ar, Cdknla, BC023105, Smordl4d 123 Abcd29] 8 71
A27F SOA] o3l 3 8] o] F7HE Atk SOAe o3 dde] wstd 8 7| fF3=ke
< 7Fe At fold-change #< 5.1, 4.7, 4.3, 3.9, 36, 35, 34 % 320t} vsH 5+
o (MOA)OA =1 g2 Z+7+ 176, 04, 0.5, 1.1, 06, 1.8, 25 % 1.001dt. 8 7fe =
7t 212 & FMO3 (flavin—containing monooxygenase 3)& ¢ 314l H]d sl
7 ettt SOA 2 MOA #d-2 djzxol wls] 7tz 51 v 2 176 v S7F= Aok
kA F7F B8 $8] AgE FMO subclass § %5 A 2] 3lth. PBES] SOA°] 9
&, 370 #AA (Mela, Ces2a % Snordl116)7} #HA% At Al 7FA] 2w #1219
Hit fold-change= 27 0.1, 0.3 % 0.3°] . MOA9IA it fold-change®= Z+7}
13,28 % 07013

PBE2] MOA+ vh$2 ZFA Fmo3, Mt2, Cypdbal, Corin, Mtl, krlel, Plk3, Fmo2,
Dpy1913, Cm3, CypZ2ad4, Cml3, Gm14403, Nipall, Perl, CypZ2ab, Gm4956, Slcl6ab,
Fmo4, Cxcll0, Cux2 % 1810046k07rike] 237 FA27F S7H= Aok 23 719 S7HE
2ol F3t fold-change #k= ZF7F 17.6, 11.3, 88, 5.8, 4.6, 4.2, 3.8, 3.8, 3.7, 3.2, 3.6,
3.2, 36, 35, 35, 34, 3.2, 32, 32, 3.1, 3.1, 3.1 % 3.0°]t}. SOA] =l Fx%¥ fold
change+= 5.1, 09, 1.9, 04, 1.0, 0.7, 0.6, 1.5, 0.6, 2.1, 1.6, 2.1, 1.5, 1.1, 1.1, 1.5, 1.1, 2.1,
14, 1.3, 1.1, 14 2 06°]3Att (Tab. 3-3). EHFAE, 23 /Mo Fd2 F FMOZ,
FMO3 ¥ FMO4:= SOA® MOA & EFd o3 A&H o2 Z7tH vt weba] g
EFMOI1, FMO2, FMO3, FMO4 % FMO59] #&-& #4153 th. PBES] MOA+= wh¢-
2~ v bl 11 B A=A (Gdpd3, 1dr2, Cfhrl, Gabra3, Gm6644, Gm6614,
Akrlb3, Bcl6, Treml4, Creld2 % Diol)7} ZFAastch o 1170 fdake] wra o] s+t
fold-change+= 7t7}0.1, 0.1, 0.2, 0.2, 0.3, 0.3, 0.3, 0.3, 0.3, 0.3 ¥ 0.3°] 2T} SOAe°l <
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g o] ¥ tfold-changes ZH7} 1.1, 1.0, 0.8, 0.8, 0.3, 1.4, 0.3, 0.5, 0.7, 24 % 1.6°]
t} (Tab. 3-4). WebA FMO2, FMO3, FMO4 2d-2> PBES] SOA$ MOA® <3|
SHom T7hskth FMO ++%1 4= xenobiotics®] A WiF-oll A sk of

DR AN )

o

m o 2 =

ALz #Hoste] WS FXIAZIT mhg-2 1he A o] Wl o] PBE Aol J3F
v FHAAE FAA FEUAIEAE ZYste TS AR SkE A, g
SOA9] 93] #AAaHAT. FMO3 2 Cyp2b9+: 747y 5.1 #f 9 2.6 o] F7FstA .
A o2 Gstal 05 v FHAEAG (HlolE A=), FMO39 875 < 3ttt
xenobioticsE WAFetE Aotk Al Tamoxifen=FMO3° &3] AT 18
2 PBE ®%& P. baumii®l 43 7F Aol Tamoxifene] AAE ZXAZA 4= Q)

N
=

x4 o= MOAT "R ghelAl 77F4] oF=diAF /22 (FMO2, FMO3, FMO4,
Gsttl, Cyp2bl3, Cyp2ad % Cyp2ad)e] TdE& FE3Ath. o5 FHx E&d 9
fold-change= 72t 3.8, 17.6, 3.1, 2.3, 25, 3.6 ¥ 34%t}. PBES] MOAE SOAET}
FMO2, FMO3 ¥ FMO4 Z&o 4 vl & fold-change& WEFWTE

SOA®} MOA® <J3tF MO subclass Aol @& WsIE vlust . FMOI 2
FMO5 %32 PBE®] SOA % MOAc°] ofaf gaks WAl eFstth. FMO2¢ FMO4 ¥
2 PBE?] SOA 9l&] F==x &gl 18} o9 wd2 PBE MOA°] 23
Z+zh 3.840 2 3.18] =713tk FMO subclass & FMO3 %& S SOASH MOA<] 9] s)
Z+zy 51w) b 17.6W1 2 7= A}t (Tab. 3-5). wakA, 100 mg/kg PBE €3 Az 2+
FMO3 vto] 7Z&stA wdo] §=%3lth FMO1¥ FMO5SE & W37k glon FMO2
¢} FMO3, FMO4ol A &= F3d2 S7Fs &2l & 4 AT
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Table 3-3. Genes upregulated by over threefold in mouse liver as determined by
of

microarray

analysis after multiple oral administrations

mg/kg/day PBE.

100

No | Gene Symbol Biological Function Avg{la;gnegsfl
SOA M

1 FMO3 « Drug metabolic process 5.1 17
+ Cellular zinc ion homeostasis

2 MT2 + Detoxification of copper ion 0.9 11
+ Llipid, steroid and cholesterol metabolic

3 CYP46A1 pProcess 1.9 8
+ Peptide hormone processing

4 CORIN * Neuron differentiation 0.4 5
+ Cellular metal and zinc ion homeostasis

5 MT1 + Nitric oxide mediated signal transduction 1.0 4
+ Detoxification of copper ion

6 AKR1E1 + Oxidation-reduction process 0.7 4

7 PLK3 + Protein phosphorylation, signal transduction 0.6 3
* Organic acid metabolic process

8 FMO2 + NADP metabolic process 1.5 3
« Xenobiotic, toxin and drug metabolic process

9 DPY19L3 + Biological process 0.6 3

10 CML3 + Negative regulation of cell adhesion 2.1 3
+ Steroid and drug catabolic process

11 CYP2A4 + Oxidation-reduction process 1.6 3

12 CML3 + Negative regulation of cell adhesion 2.1 3

13 GM14403 + Biological process 1.5 3

14 NIPAL1 « lon transport, magnesium ion transport 1.1 3
+ Regulation of transcription

15 PER] + Circadian rhythm 1.1 3

16 CYP2A5 + Oxidation-reduction process 1.5 3

17 GM4956 + Unknown 1.1 3

18 CML3 + Negative regulation of cell adhesion 2.1 3

19 SLC16A5 + Biological process 1.4 3

20 FMO4 + Oxidation-reduction process 1.3 3
+ Defense response to virus

2l CXCL10 + Inflammatory response, immune response 1.1 3

22 CUX2 + DNA-dependent, regulation of transcription 1.4 3

23 %%%}({)O%KO * Biological process 0.6 3

*SOA: single oral administration of 100 mg/kg PBE,
MOA: multiple oral administrations of 100 mg/kg PBE for 7 days.
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Table 3-4. Genes downregulated by over threefold in mouse liver as determined by
microarray analysis after multiple oral administrations of 100
mg/kg/day PBE.

No Gene

Biological process Average Fold

Symbol Change*
SOA MOA
1 GDPD3 * Glycerol metabolic process, lipid 11 0.1

metabolic process

+ Response to glucose stimulus

* Insulin secretion

2 ILDR2 + Pancreas development 1.0 0.1

+ Homeostasis of number of cells
within a tissue

3 CFHR1 + Biological process 0.8 0.2
* Ion and chloride transport
+ Gamma-aminobutyric acid signaling

4 GABRA3 pathway 0.8 0.2

+ Synaptic transmission

+ Sorbitol biosynthetic process

+ Steroid metabolic process
5 GM6644 « S-activated protein kinase signaling 0.3 0.3
cascade
6 GM6614 * Drug transmembrane transport, drug 1.4 0.3

transport methotrexate transport

+ Sorbitol biosynthetic process
+ Steroid metabolic process

7 AKR1B3 + Stress-activated protein kinase 0.3 0.3
signaling cascade oxidation-reduction
process

+ Protein import into nucleus

« Translocation, cell morphogenesis

+ Negative regulation of type 2 immune

response transcription

8 BCL6 + Rho protein signal transduction, 0.5 0.3
spermatogenesis, protein localization,

+ B cell differentiation, negative
regulation of cell growth

9 TREML4 + Signal transduction 0.7 0.3

10 CRELD?Z * B process 2.4 0.3

+ Metabolic process
11 DIO1 + Hormone biosynthetic process 1.6 0.3
+ Oxidation-reduction process

*SOA: single oral administration of 100 mg/kg PBE,
MOA: multiple oral administration of 100 mg/kg PBE over 7 days,
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Table 3-5. Fold-changes in the expression of FMO subclass genes in mouse
liver as determined by microarray analysis after single or multiple

oral administrations of PBE to ICR mice.

Fold-increase by PBE
FMO family
SOA (1 day) MOA (7 days)
FMO1 NC NC
FMO2 1.5 3.8
FMO3 5.1 17.6
FMO4 1.3 3.1
FMOb5 NC NC

*SOA: single oral administration of 100 mg/kg PBE,
MOA: multiple oral administration of 100 mg/kg PBE over 7 days,
NC: no change

o vk 21, o, ghel A FMOS]

microarray FMO A2 @& do|HE AF38l7] 938, PCRe 93] FMO subclass
Azt #Hd {FEE A9 vk A PBE, PBW X PBGE 7¢ &< A%
oJ3tar vpg-2 7H ¥ 2 Ao A FMO subclass -8 #Fe] whél & 2AESI o FMO4
1S PBESH PBGS MOAe°l 9&f dAstA F7ketsivh. 22, 4% FMO1 232
PBE, PBW %= PBG A#eol &l WslstA] eFsktt (Fig. 3-5). PCRel ¢J&] 4
PBE Fo2 <23 214 FMO4 wde AFxHL microarray #olM HEH 3.
7kt Ak theo® PBE, PBW % PBGS MOA ¥ whg2= 7 x4
FMO2¢] PCR 45 <33t PBE % PBG:= FMO2 2@9] A4 7t &
th. 53], PBG= FMO2 23S st #x=3lth. PBW= FMO2 2ds oFstHA
sttt (Fig. 3-6).

0

]

1 =

[

|
)—AO}&
= ool

mO
do o =
Mooy 2

ggog A Ay F 2 ZZHdA PCR FMO33% FMO5 2d& ZAFgd 100
mg/kg9]PBEE PF9-22 FholA FMO3 #HdS ofsiA fxstdch. 28y PBGE 20
mg/kgell A FMO3 23S F7HA7171 AlHelth 100 mg/kgel PBGE 20 mg/kg<]
PBGHET FMO3 #de fE& o AskA Yverdrh 18y, FMO5 232 PBE,
PBW T+ PBG Aol o& FesA skt (Fig. 3-7). 484 2% PBGx #H, 1t
gD oA Zbzh e oFEH o7 FMO2, FMO3 % FMO4 23S %38kt

il
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PBE PBW PBG

M Cont 20 100 M Cont 20 10

- ” - GAPDH

- - - GAPDH

Fig. 3-5. FMO1 and FMO4 expressions in mouse kidney tissue following
multiple oral administrations of PBE, PBW and PBG. Each fraction
was orally administered at 20 mg/kg and 100 mg/kg (n=3 per group) to
ICR mice once per day for 7 days. On day 8 mRNA was extracted
from kidney tissues for PCR analysis. PBE: P. baumii extract, PBW: P.

baumii water soluble, PBG: P. baumii beta—glucan.

PBE PBW PBG

M Cont 20 100 M Cont 20 100 M Cont 20 100

_ _ o

GAPDH
-" - -

Fig. 3-6. FMO2 expression in mouse lung tissue following multiple oral
administrations of PBE, PBW and PBG. Each fraction was orally
administered at 20 and 100 mg/kg (n=3 per group) to the ICR mice once
per day for 7 days. On day 8, mRNA was extracted from lung tissues
for PCR analysis. PBE: P. baumii extract, PBW: P. baumii water soluble,
PBG: P. baumii beta—glucan.
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Fig. 3-7. FMO3 and FMO5 expressions in mouse liver tissue following
multiple oral administrations of PBE, PBW and PBG. Each fraction
was orally administered at 20 mg/kg and 100 mg/kg (n=3 per group) to
ICR mice once per day for 7 days. On day 8 mRNA was extracted
from liver tissues for PCR analysis. PBE:P. baumii extract, PBW:P.

baumii water soluble, PBG:P. baumii beta—glucan.

t}. Carbendazim® vl-$-2=2] A AW A}

hALE A e EA carbendazimeS F4317] 98], carbendazime EtOAc® & Aol A
FEea Ao A Zi/\] Attt A%% carbendazims MeOHeol| #]&38]A)7]3 HPLC
Zrelo] A 83ttt < Carbendazim® A#/ AIZF> 9.1 Foldth 7 0, 20, 100

mg/kge] PBEEZ AHzl® F<9 AHA Cmaxel =@stE AF (Tmax)3F Fol o F
4 carbendazim %9 #Hi A (Cmax)= 747 1.0, 1.0 2 05 AJzFo]lA 3L, 109 +
14,83 + 1.2 ¥ 37 = 1.3°]Ath 0, 20 ¥ 100 mg/kg PBEZ A& & n}g-20]4 0.5
o A 12 A|ZF Afole]l b4 o] WA (AUC) ZH7t 386, 298 ¥ 6.3 (P9 &9l
t} 0, 20 2 100 mg/kg PBEZ A g v}¢2e)A @A carbendazim® AA (CL) %k
< 7ZH7} 6953, 665.3 B 25927.1 (o] w@eelddtt (Fig. 3-8). webA] PBES] Fol+=
1+ Carbendazim WAME FXIA171th 41X tAMES PBE s%o &8 S%lth. PBE
9} carbendazime & o 5o 39S w, PBEx= vl-52 A #o A carbendazim &
ol S w x| gkdkth. FMO wa el PBEC] 93t %+ carbendazim A1 % thAL9
(e}

L=
S0 g 9919 5 9k
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Determination of Carbendazim residues
in Mouse serum

-a PBE -0 mogfkg
-+ PBE - 20 mgkg

[ Sy
LT - )
P

104 - PBE - 100 mglkg

84
B4

4
24

Carbendazim (mAU min)

0

0 2 4 6 8 10 12 14

Time (hrs)
(After of Carbendazim 500 mg/kg for oral administration)

Phellinus baumii extract (mg/Kg)
Time (hrs)
0 20 100
0.5 §.35+1.43 6.57+£2.39 3724127
1 10.9£1.37 8.27£1.17 1.79£1.57
1.5 5.74£1.26 4.971£0.47 0.38x0.4
2 53410.79 4.5910.26 0.06£0.03
6 611.31 357+1.73 0.17£0.1
12 234195 1.66+£1.45 0.07+£0.04

Fig. 3-8. Effect of PBE on carbendazim absorption and clearance. ICR male

mice (n=3 per group) were orally administered PBE at 20 and 100 mg/kg

for 7 days followed on day 8 by oral administration of 500 mg/kg

carbendazim. Whole blood was removed from the heart at 05, 1, 1.5, 2, 6

and 12 h after carbendazim administration. The remaining unmetabolized

carbendazim in serum was measured by HPLC.

29 A A

M

gk Y=e ul

I

= R4 b |
(1) g Fo yzd #3de GC 4
ICR vk$-22(Mus musculus)ell &%, Bz, Aol we-=253s d5Fd
AT Fol3 %of (-)-nicotine tartrate(MP biomedicals, LLC, France)= 3 mg/kg
o2 B FAR Fogr oF AFte] w&E UYA® peakE  GC(Gas
chromatography)& ©|-&3sto] 43712 st th Fig. 3-9& @9 A 7= W

Hi} FA3HAl 8 H Nicotine tartrate %% 2] GC peako] th.

M)

12.6158 &

T

el

[ a0 AT T TYeec] T STH L] WO
ey =E ] m 1 1

W T T T A T TR T Ty Phcon PN T A e
12618 [ (L] mig T2 00000 Atz 0, OO 0,000CED

) W@ e
e L 1008080

Nicotine tartrate Gas Chromatography

Fig. 3-9. GC analysis of standard nicotine tartrateis of serum nicotine tartrate.

o] Hlwsto] Bk w, 1140 AX] peakv FTEEIEFo|g A3 1287138 A
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o

Jol A% peakt UzElolgt: AL &

PN
= T
71 ¥ olgl 7|33k peaksS T+ 4 AU

o2 Fig. 3-102 A3 Ael HE-=F3E 4 F93 o]F Nicotine
tartrateE 27} FAslar 0, 5, 10, 15, 20, 30 ol sacrificedto] Ao A F=3
do s FERIE o duAF GCE FA4F 2y zot

T T T T YT ¥ WYY T BT RS YIS T e T

=

Fig. 3-10. Gas chromatography analysis of nicotine tartrate on 0, 5, 10, 15, 20,

30 minutes from the serum of heart punctured blood.

5% H o sacrificedlo] | FH 3 &

Nicotine tartrate® &7 FTAFSE o] & FHA] &2
o 4 Qlth 7HY A A3 peakitS 108

N peak7} w9 GFFEA U AS ¢ =l
o sacrificedti= Ao, olwfje] YA® peak WA o] 7Hg WA U2 Ao 34
WAoo st Age B FAL o]F 108 F ol sacrificedtith. o] hgo] 4
s At gx, 2e, AEwAle] wE-ZF3te] 5o UIE EIE FXs= A
o2 YEYT (Fig. 3-11). ol#lst A¥= HlEl-2F 31t ot wdo] F7hd
FMO®| ¢]3le] xenobioticol sl@3l= UaEle ®aj7t 19 Aoz =48 &

o]
AN
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Fig. 3-11. GC analysis of serum nicotine tartrate concentration after 10 min of
1.p. injection of nicotine tartrate (3 mg/kg) in ICR mice (n=3, 8-week
old). Beta—glucans of zymosan (ZYM), barly (BAR) and Phellinus
baumii (PBG) were orally administered for 7 days at a concentration
of 100 mg/kg. GC analysis: ACME 6000 GC (Young Lin, Korea), He
rate : 1.0 ml/min, inj temp: 250C, Oven temp: 270 C /5 min 250 C
/10 min, detector temp: 300C, carrier gas: He. H2: 50, air: 200, He:

20. Packed column: stainless steel.

el HEZFFE G50 AeA HAE
o] WEtZFF7FS Apo] A zymosan) ¥ K.l ol A FE3 HE ST

o] 2
e g Ae WEETA PBGY Hla Ade FAsa

SD rat(Rattus norvegicus, 8 weeks)E& AFS3IHA 1577k <kgst HFAHS A &
of AEMA ax A% fuUo WEEFS 15743 A2 TSt 79 Fo A
A5 ES U}—;ﬂ A Abste] 7k A1 F71E A &S] FRNAE EE8te] cDNAE 4

o g

%9 real time PCR<S <33}l t}.
(1) A&l 25 9 2o He-2F32 FMO29| 2dd 4]
Eo A3wAl HlE-FF7H100 mg/kg), &5 HE-FF7H100 mg/kg), HE] Hl

-=F7H100 mg/kg)S T4 ATFAS Fo i AFES =3t FRNAE
g]slo] ¢cDNAE g4l gk Fof real time PCRS 433 A¥}+= Fig. 3-12¢} Zt}.

Hﬁﬂ%
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(2) M A, 25 5 He] WE-=5F3ke] FMO39] ©d 24

FMO2 Real-time PCR

15
1 -
W Liver FMO2
05 —N - H OKidney FMO2
D -

Fig. 3-12. Real-time PCR analaysis of FMOZ in liver and kidney tissues. Lane
1: control; lanes 2, 3 and 4: Phellinus baumii (PBG) 100 mg/kg;
lanes 5, 6 and 7: yeast beta-glucan 100 mg/kg, lanes 8, 9 and 10:
barley beta-glucan 100 mg/kg.

NEO A Al wEl-FF7H25 mg/keg, 100 mg/kg), &% HEZFF7H25 mg/kg,
100 mg/kg), ¥ HE-ZF7H25 mg/kg, 100 mg/kg)S 7L ATFJ3 Fo
S &3 FRNAE E289 cDNAE $43 Fo) real time PCRS
A3+ Fig. 3-133 7t}

FMO3 Realtime PCR

Con PBG Zymosan Barley

Fig. 3-13. Real-time PCR analaysis of FMO3 in mouseliver tissue. Con :
contorl;, PBG: Phellinus baumii beta-glucan, Zymosan: veast
beta-glucan, Barley: barley beta-glucan. Each was p.o. injected at
100 mg/kg and 25 mg/kg.
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(3) =W, a8 3 Bl we-=53e FMO4¢] 28 24

Eo A3 HA WE-ZF7H100 mg/kg), &% WEFEF100 mg/kg), B2l H

-=F7H100 mg/kg)S T4 ATFAS Fo i AFES AE3ste] FRNAE
g]slo] ¢cDNAE g4 3k Fof real time PCRS 33 A 3}+= Fig. 3-14¢} #t}.

Mo Loy

12

0.8 -

MW Liver FMO4

- I hl I _ OKidney FMO4
g 10

1 2 3 4 o 6 7 8

0.6 -

04 -

02

Fig. 3-14. Real-time PCR analaysis of FMO4 in liver and Kkidney tissues.
Lane 1 : control; lanes 2, 3 and 4 : Phellinus baumii (PBG) 100
mg/kg; lanes 5, 6 and 7: yeast beta-glucan 100 mg/kg, lanes 8, 9
and 10: barley beta-glucan 100 mg/kg for 7 days p.o. injection.

FMO2¢t FMO4+= oF7he] gha Ags Hof da o] Hop Z ouE 7HAA
%3kv, microarray AolA 714 2 WakE Uehidd FMO3E FMO37l 7Hg¢ &
WA E = ]9l liverol A 9] fA= aF

o)

= OH
@ A3, mE AQTAA F71 A3 4 dEg, S8l 4Rl e
Z+ 100 mg/kg f‘:roﬂiL ol 4.1v) F7ts AH¥E UEUAT. &R HE-=F

2Py gy
o ot o &

B WE-SF7HS 100 mg/kgRth 25 mg/kgol A o 2 7S BYgoy <
2 el lemz %;a;—a}um detE o},

(4) ZamA, &5 9 1o WE-SF30o] HE
o] giArEe] HAlE 4 (GC #A])

lo
b
(e
ofN
fo
2L
A
Ho,
(o,
i
iy
o,
.%
=
o>

ATl o3 EFLS TMA (trimethylamine)”} th A olw, TMAS #4 &
GC(gas chromatography)i TASEA T A Ale] HElZFFTE oleld R} 2
= e FE 5o A=A HAEe7] Hste] aEFHe wEE T
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Ape] ZAak(zymosan) ¥ HEloA FE3 WEE TS FEWAY wWEEFY
PBGet vl AFES Fdqstrt. HEC FFHA WE-2F7H25 mg/kg, 100
mg/kg), &% WEFFI25 mg/kg, 100 mgkg), ®# HE-=F7H25 mg/ke,
100 mg/kg)s 743 ATt wjd AWS FHst EA AT 743 HE

FoJsl $o AWFe oFFHAdE] TMAS Wsle Fig. 3-15¢0 WE‘HHO*
7 =22 Trimethylamine®] ®E}-2F7F Folo we} Fastes AE &9l

t} o] 2~E HE-FF7+9 H9 25 mg/kgoll A 100 mg/kgR.tt v & 7
FS GEPHAA T @Y o o=z fou| vt AeE A

‘|“

A9A02 5 mg/kgo® ABWA, EE, WWE-FFEAE ATFAA 7T
2 RS

TMA wlZ& o] 7k} 19, 30, 52% S gelstel 3 Fo wE-FE3
5 mg/kg ATFoAA FF TMA WiEZFS a7 A& EAsat (Fig.
3-16).
Rat urine TMA change by beta-glucan
1200.0
s 1000.0
5;.5 ol - 0025 me/ke
E‘TZ 600.0 —I—' T I T H100me/ke
2 000 —
=
2000 —
0.0 T T T —
Con PBG Zymosan Barley

Figure 3-15. SPME-GC/MS analysis of excreted TMA amountin rat urine
on day 7. The B-glucan was orally administered into the SD rat
at the concentrations of 25 and 100 mg/kg once a day for 7 days.
After pre-treatment for 7 days, rat’'s urine were collected in
metabolism cage (n=3, for each group). TMA concentrations of
collected urine were measured by SPME-GC/MS(Agilent 6890,
Agilent). PBG : Phellinus baumiiB-glucan, zymosan - yeast £

—glucan, barley : barley B-glucan.
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Fig. 3-16. Headspace GC analysis of excreted TMA amountin rat urine
on day 7. The B-glucan was orally administered into the SD rat at
the concentration of 5 mg/kg once a day for 7 days. The urine of
rat was collected in metabolism cage (n=b5, for each group). TMA
concentrations of collected urine were measured by
headspace-GC(ACME 6100, Young-Lin). PBG : Phellinus baumii B
—-glucan, zymosan : yeast B-glucan, barley : barley B-glucan. * P<
0.05 and ** P< 0.01 vs con.

Al 2 A Corin® F+3A 2dF} &%

1. 494

ey

E_uohﬂé

e
>{l
M
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7}. Beta-glucan®]

i)

WA 7 JEHlE 7 FE YElE PBE (Phellinus baumii water extract)
= , ©]E ethanols ©o]&3te] o3t AT NS PBWI(Phellinus baumii
supernatant water), ethanololl ¥ M-S PBG (Phellinus baumii beta—glucan)
olgtar AH3slHtr. sld PBE, PBW, PBGE Mushroom and yeast beta-glucan
assay kit (K-YBGL, Megazyme, Ireland)® 96-well plate (Black plate clear
bottom, Costar, USA)o| A =835} t}t. 3 &5 beta—glucans Zymosan A from
Saccharomyces cerevisiae for inducing inflammatory response(CAS Number
58856-93-2, Sigma Aldrich Korea)= AF&3}%t}h Beta-glucans 7% 37|19
o], A 8FH o 47 ICR "9~ (Samtako, Korea)E AdAoA dFd A$

=
A7l Fof, &R A3 Al beta—glucans 100 mg/kg/day® dFL7+ 1Y 13 H

S
K Lo

ol
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1}, Corin A & 4
(1) mRNA *=

stuel 53 ASF 874 4utgle] 4% SD P E(Samtako, Korea)ol ZF &%,
AFae Al 9] beta—glucans 100 mg/kg/day® LT FoF AFF3 FHo CO,
2 AAL & 3 A 24S FE5H9 T PBS(Phosphate Buffered Saline) =
washing X—} AS AA 1 ml9 Trizol agent (Favorgen, Korea)S Yol 5&7%+
lysis Al#A Tt %o Chloroform(Sigma Aldrich Korea) 250 1& ¢ 3} vortexing
S Ao 5EZF = H 10,000 rpmol A P4l BT RNAZF 239 A&
M-S A tubeol|l 7|3l 550 19] isopropanol (Sigma Aldrich Korea)S “¥¢] 412
78 573 14,000 rpmeol Al 207 ¥4l #2]3te] RNA pellets oé
At AL AASIL 1 ml 75% ethanol/DEPCZ washing 2tgd<S A +
9500 rpmel A 583+ ¥4 E#de] ethanolS #7332 RNase—free water
(DEPC-water)oll 944 sX== Bt3o] o] -80?< A W ytstitt.

A
ox
> rlo
=2
o

(2) cDNA 34

mRNA 2 gol oligo dT (Enzynomics, Korea)2} DEPC-waterE %] % 10 ml
2 grE Fo] 70CoA 10% B2 incubation AlAFIL 4?04 58 Bt
incubation 3}t 5 x reaction buffer (Enzynomics, Korea), 10 Mm dNTP
(Promega, USA), M-MLV-RT (Moloney murine leukemia virus reverse
transcriptase, Promega, USA), DNase-free waterS F=3F RNAol| Azl s}o]
42°Co A 1A SAAE F35t] cDNAE A3 HTE ol =x =4 I
7} sample T =& dASHA 9 -20CAA] B#AsA T

(3) Real-time PCR 3}

Realtime PCR plate (Multiplate PCR plates 96-well clear, Bio—rad, USA)°l| 2
X Ampigene qPCR Green Mix Lo-Rox (Enzo Life Science, Korea), forward
primer, reverse primer, template DNA, deionized distilled H.OE % 1L Optlcal
Adhesive covers (Applied Biosystems, USA)E Y%t} 1,500 rpmoll 4] 54
b A EY 3ol Realtime-PCR (CFX-Connect, Bio-rad, USA)7]7]& o]&3}
o]  polymerase activation 2%, 95C, 1 cycle, denaturation 5%, 95T,
annealing/extension 303, 65C, 40 cycles® <33} t}.

l'o

O

t}. Corin @2 g R
(1) @9d ==
RNAE F&33d 9y o] A% 8% 9utg] o] ICRub$-2o 72 &% A
FH A Y beta-glucang 100 mg/kg/day® 4FY %ot AFFo3 Ho A#
b A 2SS FE53519] PBSE washing 292 A 229 05 ¢¥ 1 ml

Protein extraction solution(PRO-PREP Protein Extraction Solution, Intron,
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Korea)= homogenizer (Wheaton, USA)el| 31 4?04 #3)|3}3. bead-beater
(TACO-prep, Phile Korea)Z lysisalth. ©o]& 4T, 600 gollA 103 94 &
gleto] FT NS Al tubedd &3 -, 47T, 15000 gol Al 5&3F ¢4 st A
St Easiudet sld AEAE 4T, 15000 goll Al 30=37F LAl Ealste] 4
ZFHe Fosle] o]5 W ] A&t Brad assayi#H el Protein Assay
Dye Reagent Concentrate (Bio-rad, USA)E Ultra-pure distilled water
(Invitrogen Korea)ol 3]A1sle] W= 1 x solution®l] E&]3F =84 W= 2 1=
Y31 Spectrometer (OPTIZEN 2120UV, MECASYS, Korea) 7]7]1& ©]-&3}4
FEE 243k Sampled -80T oA B3k o).

(2) v}~ 2 dul Aol Coomasie staining 4]

SDS-PAGE gel 10%(Mini-protean TGX Precast Gels, Bio-rad, USA)=Z 80 V,
1A 108 A719 53] separating gel?t #8]3tal  deionized distilled
water(ddH-O) % rocking3}] washing3}31th. Coomassie staine gelo] §@& v
F 9 20% 7FE38le] staining solutiono] #<% wZ geldlk T, 10% rocking
tableo] A incubationd} 9t} ddH,0Z 2¥ washing #%& X3l destaining
solutions geld] €& W& Y il 20% destaining solution®] #& wj7b#] 71 %t
5, 10 rocking table®l| A incubationd}$it}. o] % Al 22 destaining solution.®-
2 Zrol= FH ol rocking tabled] A O/N3&}o] incubationd} i th.

(3) Western-bloto. 2 v} 2 2= ohwld = Corin &8 A
=
ham |

np9-~o gz Fw7l 50 go] HEE 4x sample loading buffer (Novagen,
USA)E %ol 100CelA 10&3F & dWd 271 FY=5 sk
SDS-PAGE gel 10% (Mini-protean TGX Precast Gels, Bio-rad, USA)°] w9
A marker (Broad-way prestained protein marker, Intron, Korea) 10 1, sample
< 7+ 156 1% 80T AlA 1A% 102 A7195S AAIsHA . Stacking gel> A 7
33l separating gel®t ©] 83} semi-dry transfer (Trans-blot SD Semi-dry
transfer cell, Bio-rad, USA)7]7] & o]&3le] o}egZe] (-)chargeE ¥ == NC
membrane (Trans-blot transfer medium, Bio-rad, USA)& o}l#|Z& o2 st 1
ol gel#} transfer buffer® 20%37F rocking3t 3M paper 285 23 15 V, 55
i &<t transfer 3 th Transfer’t 1% NC membranes 2ol A 1A F 5%
milk solution (Blotto non-fat dry milk, Santa cruz, USA)2 & blocking3t %
o, beta—actin (CAS Number sc-47778 HRP, Santa cruz, USA)¥} Corin (CAS
Number sc-293360, mouse monoclonal IgGl, Santa cruz, USA) 12} &A= 1 :
1,0000. %2 4?04 O/NAglatqict. o]% TBS-T buffer(l M Tris-Cl, 5 M
NaCl, H,O, Tween 20)% 2*]7} washingdlal 22} A 2= 12} 34 hosto} 2
£ goat anti-mouse IgGE AM&3le] 1 @ 10002 1A17F AZstATk. o] %
TBS-T buffer® 24|13t washing %, ECL solution (Western blot detection Kkit,
LOT Number PMAO5, Yong In Frontier, Korea)®] detection solution A%} BE
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2.

1 :1 % 3t NC membraneel Azt tAolA 5 AFOSE bands &<l
=2

2}. ANP peptide && &4

of

T35 7 ICRuF-2=of ZF a3 3 A9 beta-glucans 100 mg/kg/day=
A Et ATFAG Fol CO2m wpHX|AReRe] Al 100 1 d3H YEF
(1,000 LU./ml, =A%, Korea)= ¥ 1 ml9 syringe (1 ml Kovax syringe,
Korea Vaccine)® dHES FEstqlom, A4, 11 A1 2ol A o] d W 7o

dulde FEadnh A FE@ dold A4, gk A% 2AdN F2F o

pai

WS ANP enzyme immunoassay kit (Human/Mouse/Rat ANP Enzyme
Immunoassay Kit, Raybio, USA)E o]&3}o] 2a A7} 2o] = 96-well ANP
microplate(Item A)% =% 3}% ).

b 2l HES E B4

(1) Metabolic cage ©|-&

85 ® 7 ICRUF$-2Z Uuk cageol A 4 mhel/cage® LFY Fot sk
S A7l & metabolic cage 3utoll 28 3t HLw 2vig]¥ 59U FoF A2
& cagestA o AHSAZAT oluf AlgsE A¥F AR (sodium 1%) % 3L o] 5
219 e gz A¥a 24 At AR (sodium 1%)°9F s E-UYEF A

5 (sodium 10%)% wl4o] A3 A A HFigure 1).
(2) Sodium-assay kit *] 38

Metabolic cage ¥+ 139 4vie]l® sto] 5 &<t SHAol A SAIZ o, mjd
2o Ao ar A Al o] beta-glucan 100 mg/kg/day® 77 T3k, 21
o F ) APa B Ak AFE (sodium 1%)9F YEF IIEFE AR
(sodium 10%)= AHAIAG. 2ok Al w54, AHs AHAF, SFTEs
Aol AWME Wol 4TolA dFd HH % Sodium-assay kit (K391-100,
Biovision, USA)< o] &3}o] 96-well clear plate with flat bottomel A A U
ol UEF 45 F43Hh

o

A A4 3}
7} Microarray & ©]-838to] WE-2F3F Fo A &d {F-412 &4

ICR v1$-50) AT A3 AL olF, AFA 1) WEFEE 100 mekge 3
T Folslal sacrificedto] 7+ 2A & % =
i microarray W& olgstel Frlste fHAet Baste fUAE B4 0}914

(Tables 3-6, 3-7).




Table 3-6. Microarray analysis of mouse liver tissue following single and multiple
oral administrations of 100 mg/kg PBE.

Number  of Number Number of
Analysis  of design Cutoff Regulation Sioni of GO Pathway
ignificant Gene . g ;
information Information
13 DOWN 1264 901 282
' UP 1184 925 349
15 DOWN 292 184 75
' UP 328 226 93
Control vs PBE-100 , DOWN 6l 31 4
UP 45 36 18
3 DOWN 22 1 0
UP 9 8 7
*PBE-100 : ®WlE}-2F7F 100 mg/kg. Microarray WS o] &3te] A3 Ax} 3u)

o4 7Had fAAE 2700 3 ol FAE H3
Table 3-7. Microarray analysis of mouse liver tissue following multiple oral

administrations of 100 mg/kg PBE.

NO | Gene Symbol | Accession Number CI;irY; 1;)1 Pédlij‘ieerO Foﬁ;’%ﬁiﬁge

1 Fmo3 NM_008030 7.0 11.2 17.6

2 Mt2 NM_008630 10.2 13.7 11.3

3 Cyp46al NM_010010 7.8 10.9 8.8

4 Corin NM_016869 6.6 9.2 5.8

5 Mtl NM_013602 9.5 11.7 4.6

6 Akrlel NM_018859 7.8 9.9 4.2

7 Plk3 NM_013807 9.1 11.1 3.8
PBE-100 : ®lEl-=F37F 100 mg/kg. ICR wk-5-2=o wlE-2F7F 100 mg/kg €<

Bk Aol A, M=ol wish 5.8

W Z7ah o,

on] o]} =713 S HAAE = Corin SHA=

t}. Macrophage cell line2 AF-g&3Fe] AlEWol A Corin A= wha] 4

FZF ol9lo] amel A& fyo HE WE-FIFUE G50 e
| 18t &= e WEeE-=2F37E0 Aol R A4E (zymosan)d E.2l (barley)
W el -2 F7H(sigma)S AWM A e wEl-=F03 va AYPS 7P
t} in vitro Aol el wpg-~ 9l RAW264.7 AIZE wFstH A 3
G7hFe] kg3 A S ALY W E-2F 7S overnightd}

D)

al
ol\
ol
O
N

macrophage A3
AR Fol &%, R,
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ol A2t A XA mRNAS F=3}
Al dectin-10] 7] wiEo] F= 7}
LPSE FAd=To = shokth

otk RAW2647 Aol wWe- 22 &
53 A= o3, positive control A =

rot
ru&

ot bl A Corin 732k 3 @jd o S7F 24

As g o]F aE HE
B Hlog XA} 7& Z
%,

,?L
%73} real time PCR% —’Fﬁﬂé}%ﬂ\q. w3 ICR "%~ (Mus musculus)?
o =

L —‘o o
oxl lo r[‘ ﬂllo O_|>_’4

Coomasie staining

o]
Of’ Corin Til—lﬂﬂ X]v/] Hld

(1) PEA W22 47 Fol F, A2k @9 Corin LAY =74

F E (Rattus Norvegicus)oll A wlB}-=F2H(100 mg/kg), & HE-=F
ZFH100 mg/kg), X W E-ZFF7H100 mg/kg)% dFLT AT Fogk o 7H
A& A=, FRNAE 25t cDNAE @/dste] a3t real time PCRS 2
I}+= Fig. 3-17 % Fig. 3-18¥ 2t}

Liver Corin Realtime PCR

100

50

Fig. 3-17. PCR analysis of rat liver corin by real-time PCR (n=3).
Lane 1 : control; lanes 2, 3 and 4 : A3HA wWE-=F3
(Phellinus baumii beta glucan) 100 mg/kg, lanes 5, 6 and 7 : &
X (Zymosan) HWE-=F%F 100 mg/kg, lanes 8, 9 and 10 : X2 H|
El-& F7H(Beta glucan from Barley) 100 mg/kgl & 747 A4+ &
o] & ZtoAq Corin®éd ¥ =4. AmpiGene qPCR Green Mix
Hi-Rox(Enzo), ABI-7000°] 4] =7, Polymerase activation 2 min,
95C, 1 cycle, Denaturation 5 sec, 95 C, Annealing/Extension 30
sec, 60 C, 40 cylces. 18s rRNA Forward : ACC GCA GCT AGG
AAT AAT GGA ATA, Reverse : CTT TCG CTC TGG TCC
GTC TT. Corin Forward : GTC CGC ATT ATT CCT CTG GA,

Reverse : CAA ACC AGA GGA CCA CCA CT.
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Liver Corin Realtime PCR

4 T

z I
i R

Con PBG ZYM BAR

Fig. 3-18. Real-time PCR analysis of rat liver corin (n = 3). Con :
control(32}  T#F5°), PBG : A3 wEel-=FIH(Phellinus
baumii beta glucan) 100 mg/kg, ZYM : &% (Zymosan) W El-=F
7+ 100 mg/kg, BAR : E.# WEl-=F7HBeta glucan from Barley)
100 mg/kgl &2 793 AT Fol F FhelA Corinrd < At

=4,
(2) vp§-2ol WE-2F A Fo & HY dAY Corin S 54

ICR v}-$-22(Mus musculus)d] &
ZH100 mg/kg), "Lﬂﬂi” H El-=
oﬂ 7F Z2Z S x%z ].oq u =&

- =

2 wE-=57F (100 mg/kg), X2 H%]E}—%ﬁg—
F2F (100 mg/kg)S 45Uzt AT Fogk

A& #Esle] SDS-PAGE gel& ©]&3t4 7]
4 &3ttt Stacking gelg Halsle] A A3 $of, seperating gel?t Coomasie
staining W< o835t dAs A3+ Fig. 3-199F #t}.

CON CON ZYIVI BAR PBG CON

Fig. 3-19. Coomasie staining for the identification of corin. (CON :
Control; ZYM : E Y% (Zymosan) W E-=F7F 100 mg/kg; BAR :
22 WE-=5F7HBeta glucan from Barley) 100 mg/kg; PBG : 7
Al W el-F F7H(Phellinus baumii beta glucan) 100 mg/kg o &
747 A Fol kel A Corin ©Hiid WA F4)

Eae o R

180kDa
144kDa -
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Control @A A7} wl$ &4 A8 Aoz Hol Control #F-2 9
| Wle-2Fs FoA% v o] F didRYg w27 Ao
T St afel® E45kal, 180 kDa¥ 144 kDa Atol9] band”} Corine] 2}
F g &9 band”} Control ¥ WE-ZFF7F 289 Hlu oA H|ZL=3d
T8 HRAY F @wd w5 2/ g5o] AFdud, WE-=F37 159
Corin @4 ado] o HA & F Utk 7hs
5 EUZ Western blot2 A8ttt WA d5d &<t Me-25F30S 4+
—roq Z1egh mpg-2=o A | 2 v, A1 24S AE8ke] Corin ©h A
28] Botth dAl+= Santa CruzAbe] Corin anti-body (M-225, SC-67179)
AbgsF o, 230 A= Santa CruzAte goat anti-rabbit IgG-HRPZ A}
&3ttt (Fig. 3-20).

i

o

_L4

e o

130 kDa

Corin
1:200
!

-43 kDa

B-actin
1:5000

Fig. 3-20. Western blot of mouse corin expression in heart, lung, liver

spleen and kidney. (&% (Zymosan) HlEl-=F7F 100 mg/kg o =
T4 B Fol 5 AA, R A, A 230l A Corin @A

HHS ZA4)
Aol Ao} o] A o] positive control W& el WElHElo] W EH = Al Ay}
Zrefl Aol Corin ¥ e] e w7t Joja & 5 A A A8 Aol
1 mRNA<®] AL @AA] Corin F8AF Edo] 7+ A oA =4 U= A

=
e Ax%E g2 Corin @ FA412 1 Ao A Al stSith

ot} o] Fig. 3-21°4 Fig. 3-232 72} mp-g-2of] &R, B 43l we-2
FE AFAR AT Fol F, 3 240l dME S FE5ko] Western blotS
A& g Aot

Con Zym Bar PBG

. e e g 130 kDa

1:200

Corin

Fig. 3-21. Western blot of mouse corin expression in liver tissue. (Con
: Control; Zym : &% (Zymosan) HEl-=F%F 100 mg/kg; Bar : K
2] W E-2F7FBeta glucan from Barley) 100 mg/kg; PBG : A3t
WA W el -=F 7 (Phellinus baumii beta glucan) 100 mg/kg .= 7
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A7F A Fo] T bl A Corin @2 weof =4)

w2l o Atrial Natriuretic peptide (ANP)2] converting enzyme S 24

Corin ©
ol Corin ©¥ &2 Protease H°] Pro-ANP9 N-terminal

27 3t u] =),

peptide F&S EolEZ Mature-ANPE FAAZIth  o]F R801-1802
activation site”} ##©]# Protease HF-°] "X A ==, o]& Corin—pgl
2. 29 Fig. 3-229F Fig. 3-232 Corin¥ HF%<¢ ®H< Corin—po

Western blot 2 ¥}o]t},

Con Zym Bar PBG
55| e—— I 130 kD2
£ R —— -38 kDa

Fig. 3-22. Western blot of mouse corin expression in liver tissue. (Con
: Control; Zym : & X (Zymosan) W E-&F%F 100 mg/kg; Bar : K

2] W El-ZFF7H(Beta glucan from Barley) 100 mg/kg; PBG @ A3}

Al W e}-2FF7H(Phellinus baumii beta glucan) 100 mg/kg &2 7

A
2 AT Fo] T 7to| A Corin, Corin—p ©¥ & L3 dF =4 )

—_—

1=

Con Zym Bar PBG Con Zym Bar PBG
: - = 130 kDa

m-as kDa

ﬁ _.‘ﬂ 43 kDa

Corin
1:100

Corin
1:100

Corin-p
Corin-p

B-actin
1:200
B-actin
1:200

Con Zym Bar PBG
- e g | 130 kDa

Corin
1:200

- w38 kDa

| e — 43 Da

Fig. 3-23. Western blot of mouse corin expression in liver tissue. (Con:
Control; Zym: &% (Zymosan) HWE-=F%F 100 mg/kg; Bar: H.g]
H E}-2F7H(Beta glucan from Barley) 100 mg/kg; PBG : 238 Al
W B} -2 F7H(Phellinus baumii beta glucan) 100 mg/kgl 2 747+

Corin-p

B-actin
1500

1=
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a8, Corin—p H-i#o] EA43Ectd, Pro-ANPS N-terminal peptide -3
o] "Wolx mature-ANP7} A =A5 gelafrofof ghrh. 1o thsh A=
Novus biologicalAte] ANP anti-body (NBP2-14873)% AF-&3ldt}. the9 Fig.
3-249} Fig. 3-25% Corin?} F+4<1 W<l Corin—p&= <13 ANPe] od A
= Western bloto. & e Z3}o]t},

Fig. 3-24. Western blot of mouse corin expression in liver tissue. (Con:

AT Fo] 3 7oA Corin, Corin—p, W EFNEl whalz wkaok =4 )

1=

H

Con Zym Bar PBG Con Zym Bar PBG Con Zym Bar PBG
EE] —— L8] —c————— £8 arueReR [130kDa
Se 82 8=
3 = N
£ —~ _— - £ ~——— -— £ seemssesmmems |38 kDa
S S S
Con Zym Bar PBG Con Zym Bar PBG Con Zym Bar PBG
55| ———— ] —— e———— |5 eEERER [30kDa
L= ] L1 11 ]
= & e
| £ —~ —_—— | £ — - | £ h e ) |~38 kDa

Control; Zym @ & X(Zymosan) W El-=F7F 100 mg/kg, Bar : H
H E}-= F7H(Beta glucan from Barley) 100 mg/kg, PBG : A3+
v €} -2 F 7 (Phellinus baumii beta glucan) 100 mg/kgl & 7Y
T Fo] & 7t A Corin, Corin-p, Pro-ANP thulz k& ok
)

S|\ A )

o,

o

Con Zym Bar PBG Con Zym Bar PBG Con Zym Bar PBG Con Zym Bar PBG

Corin
1:200

o, W =

Corin-p

it -5

130 kD

uaa%
‘ 38 kDa

F e i —

pi S

Con Zym Bar PBG Con Zym Bar PBG Con Zym Bar PBG Con Zym Bar PBG

Corin
1:200

Co—

- ma

— — 130 kD

- N ¥ — - - -

Corin-p

Fig.

3-25. Western blot of mouse corin and ANP expression in liver

tissue. (Con: Control; Zym : & X (Zymosan) HEF-2F7F 100
mg/kg; Bar : ®# WE-ZF 3 Beta glucan from Barley) 100
mg/kg; PBG : WA WE -2 FH(Phellinus  baumii beta
glucan) 100 mg/kgo = 7Lt T Fol %zt A Corin,
Corin—p, Mature-ANP w92 1lg o )

o

ox i

O
AN
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AAAQ AgFor BoES o, gt AWl WE-2FEs A7 Fod
&2~ o A= Corin @M AT Corinp/t FHHE AL 2 5 door), B
Aol -5 A7 FAF vh-2dA = Corin A2 Ed w
Corin-p7} 2dH = AdQA= dJHdw& & 5 vt T3 Controla* ¥ H| 13
Hs i, of @Wol HdHv H7e ofHu stAW, 1 AUt d3EA
7] wiito] % Ado] Qi) ol Ao Aol thdide] yERG o]
Corin ©ulzo] 2 dwizo]7] uwjifo] b A oA @id F5 A A=
wel7h 97 gyl WEoletn e Aot 17 kDasl Pro-ANPe] @

i

7= Corin®] ConvertaseZ% mature-ANPE @A 7Itt= AS =3E A9 =2
A w&3sk7] W&o Mouse ANP EIA kit (RaybiotechAl, EIAM-ANP-1)E o]
&3to] mature ANPY] dd = vluste] Aitg Be 3o Fasir),

2 Ao A Al el WE-ZF 3ol ¢Jete] corin®] o] FHES YSSt
Fom, F7FE corin> ANPeo] AAS FH T 3"3% ANPE=  Wnt

receptor]l Frizzledoll Z A Aoz Adtslo] Wnte Az dES xpdsich Wnt
AFHGo] A= beta—catenin®] 3 o]Fo] A= cyclin DI, c-myc 52
= yedn & A s A Ale we-= 33t
% O]ﬂoﬂ‘: Corinoll o]3h @&#tgol HErd 4+ At
Wl Aol Z AItoltt (Fig. 3-26).

rir
=
Ul o
Mo 4
N
Y
ftlo

Phellinus B-glucan
(Song etal., BMC Cancer2011 11:307)

Pro-ANP Corin ) /
S 8 i
Frizzled /
) )

Phelinus p—Glucan m

//
Anti-cancer
G'MV oc WEEP ot metastasis

Cancercell

Fig. 3-26. Newly found anticancer mechanism that was competitive binding
of ANP and Wnt by the oral administration of beta-glucan from
P. baumii

gh. mhg-2oll A EF w3
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B Ao A e 2 F7bel olato] Corin §1Ae] Wao] e WA AL ]
2ol A7 Avboln, A Hz Fobwl $5% Aotk Corin

WA e WAle] Exuo] Wte] Aala}
FRb0) o7 AdAA AL AL ANz A AT

_L4
o

rlr
o
o
1
~ 3
&2
mw
|
=
=
+

Pro-ANP

Pro-Corin ey Corin

i T @ANP

Cardiomyocyte
cell membrane

A 4

Hypertension Kidney
I NaFrlure'SIS ' Relaxation
Diuresis
J

Vasculaturq

Blood Pressure control

Fig. 3-27. Antihypertensive mechanism of corin in kidney by excretion of
Na' in kidney. (¥ Ao A= WE-FF70L SE0 F993H Coring
Teo] F7hES wedd e, F7kE Cormoﬂ o]stel ANPAA o] £
HH JEFH|Ho] =219 )(Cited from Volpe and Rubattu. Circ Res.
2016; 118: 196-198)

He-2Fo = Qs S7Fd Corin FdA7F EF A8t 28 S vzt
= 249E A T UEF Y s EHor A¥S 35 AE(Rattus
norvegicus)oll &%, ®Hz], A HE-ZF 100 mg/kgs LTI AT

SHTE ©

Fojatm mjd AWE skl 4TodA Bt A dS 34
|3 T srFFAeH, o5 ofF Z|¥el g ¥E7]7] KBSIel
9] 2]3}e] Inductively Coupled Plasma Atomic Emission Spectrophotometer
(ICP-AES)E &3ste] S4stdth ICP-AES®E 43 42¥ U YEFY s&E&
Table 3-8 YEFHATE
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Table 3-8. HWEl-=F3F 100 mg/kg €549 41 Fo 5, 2w YEF

ppm
2000

1800
1600
1400
1200

1000

Hj &, ICP-AES

Na Cd Er Pb
— HEEE | 4555 AEsT  AEss
Control 1230 < 0.3 ppm < 0.3 ppm < 0.2 ppm
PBG3 D 901.5 < 0.3 ppm < 0.3 ppm < 0.2 ppm
PBG7 D 1268 < 0.3 ppm < 0.3 ppm < 0.2 ppm
control(1) 1181 < 0.3 ppm < 0.3 ppm < 0.2 ppm
Barley 7 D(1) 1181 <03 ppm <03 ppm < 0.2 ppm
control(2) 1358 <03 ppm <03 ppm <0.2 ppm
Barley 3 D(2) 1073 < 0.3 ppm < 0.3 ppm < 0.2 ppm
Barley 7 D(2) 1264 < 0.3 ppm <03 ppm <0.2 ppm
control 1811 < 0.3 ppm < 0.3 ppm <0.2 ppm
Zymosan 7 D 1450 < 0.3 ppm <03 ppm < 0.2 ppm
(Inductively Coupled Plasma Atomic Emission

Spectrophotometer) =74 ZA¥. @ E(Rattus Norvegicus), Control
: Control(3#t <=#<7), PBG @ Z3HA wE-=F37F 100 mg/kg,
Barley : ®32] WEl-2F7F 100 mg/kg, Zymosan : &% HE-&
F%F 100 mg/kg. 3 D @ 3¥47F WE-2F3F £, 7D 743 W

277 Fol.
s ﬁ%t%

Na HiE5=

8, 8
% S
> >
<

L.
72 =

§
|
|
-
.
-
|

I I
-
<, i
3 %

a, 3
% o

G 7
> s
< o %,

2 >

<

\
O
@

. 3-28. Analysis of rat urine Nat concentration by inductively coupled

plasma atomic emission spectrophotometer (ICP-AES) after oral
administration of beta-glucan(100 mg/kg) for 7 days (n = 3).
(Control : Control(3x} ZF), PBG : A3 A wlel-=F 7 100
mg/kg, Barley : ®.2] WEl-=2F3F 100 mg/kg, Zymosan : &5 H|
E}l-= 77 100 mg/kg. 3 D @ 3¥zt HlEl-2F3 £, 7D 743
e 2R ol Y] AR BHS @723 97 o

A ekl
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Controls- 2} W EF-ZF3F Fo] 5 BB etS o, didS dFd &
2 E o ujd Fxlo] dojrfof ek

¥ AL (sodium 1%) & A2 A1 A7

Ad YEF wid IS FANASALG 4T 5 Aok vE-SF7
T Fostr] A3 dFd ok FASAS Wo] YEF wjAdgo] vz,
B UEF A Ygo] FojE Aoz wol YEF ujAd %o Frstdy

ol wrAgsvtal 7t

o % AFY B MAE 2W U GEF F uEs] dgac mebs

1

2

X

oo

[m
TS

N g
s SPTOR G S e A u)

820X Bl oox 2
ol
o
f
julss
o
fr
=X
o%
o
oX,

Z mlo
Ho
)
>,
N
~N
o
r
>
[

HE-S #7419 YEF #jd =71 24388 HHS Public Access(Kidney Int. 2012
July;  82(q):26-33)2]  “Impaired sodium excretion and salt-sensitive
hypertension in corin—deficient mice”S Ztasle] 33U}t Metabolic cage
(Fig. 3-29)°] ICR w925 3 vtg¥, 1% % (sodium 10%) AR E 219 &<
AAAZIH wfd w5 Ae Al A, Aads St AWEs 34
2 S EF A4TAHA B F FAsAT 554 2 Als A,
= o

A 29 o2 Yt (Fig. 3-30. 3-31, 3-32, 3-33).

1 ol
<r du
off Aot

Fig. 3-29. Metabolic cage for collection of urine. (3 cage @, 2 =}&] ¢
vh¢-2& Fal Control(3A4F ), &X, ®e], 43w sel He-=
T OFS BYste] ZF 2 cage’t HES gt ASE 4 200
mloll 9331 1F =(sodium 10%) Ab&+ 50 goll waeo] wjd 2
F AR AHZFS AT WA 33 SR WE-=2F
3

100 mg/kg 47 Fo ol vk¢-2=9 F5FAE vy SA43H. ICR

b 4y

Y
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mh-$-2~(Mus musculus) n=4)

— - CON
——M
—es—BAR

PBG

Bdoy weight (@)

1D 2D 3D 4D 5D 6D 7D 8D 9D 10D 11D 12D 13D 14D 15D 16D 17D 18D 19D 20D 21D

Fig. 3-30. Body weight change during oral administration of beta-glucan in
ICR mice for 21 days (n = 4). (CON : 3z THF 1LF=
(sodium 10%) At& A#, ZYM : &% ®Eel-=2F7F 100 mg/kgel
aF=(sodium 10%) AF& AF, BAR : HEZ HE-=F3F 100
mg/kgoll 1% E(sodium 10%) AFE A3, PBG : A3uAle] wel-
ZFF7F 100 mg/kgell L% % (sodium 10%) AFE 413)

Food intake (g)

iD 2D 3D 4D 5D 6D 7D 8D 90 10D 1D 12D 13D 14D 15D 16D 17D 18D 19D 20D

Fig. 3-31. Diet consumption during oral administration of beta-glucan in
ICR mice for 21 days (n = 4). (CON : 3z ZHd 1¥%
(sodium 10%) AtE A3, ZYM : &% WE-ZFF7F 100 mg/kgell
IFE(sodium 10%) A& 41#, BAR : H®Hg HE-2F7F 100
mg/kgoll 317§ = (sodium 10%) A5 A3, PBG : A3 Ale]l el
=+F7F 100 mg/kgol 1% % (sodium 10%) AF& 43)
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- CON
—a—2M
—a—BAR

PBG

Water intake (ml)
w N o

iD 2D 3D 4D 5D 6D 7D 8D 9D 10D 11D 12D 13D 14D 15D 16D 17D 18D 19D 20D

Fig. 3-32. Water consumption during oral administration of beta-glucan in
ICR mice for 21 days (n = 4). (CON : 3z SH<9 135%
(sodium 10%) At A#, ZYM : &% ®Eel-2F7F 100 mg/kgel
1FE(sodium 10%) A= 4#, BAR @ ®Heg HE-=F3 100
mg/kgell 1LFE(sodium 10%) AF= 413, PBG @ 3 Ao wEl-
ZFF7F 100 mg/kgell 1% E(sodium 10%) AtE 43.)

Food intake (g)
oW s

=

Body weight ()

Water intake (ml)

40
20
15 §
10
CON

Fig. 3-33. Changes of body weight, diet consumption and water
consumption during oral administration of beta-glucan in ICR
mice for 21 days (n = 4). (Normal : 32} FTH{HFol HEAR
(sodium 1%)E A3#, CON : 33 &7FFd 1% =(sodium 10%)
g AF, ZYM - 2% WE-=53F 100 mg/kgol 31E E(sodium
10%) A5 A3, BAR @ 2e HE-=F7 100 mg/kgel 155k
(sodium 10%) At= A3, PBG : J3¥HAle wEe-=F3 100
mg/kgol] 11T E(sodium 10%) Al& A2#.)

AR EG *p value < 0.01

k
g
e
ol

Control} WE-2F3F A5 FAE o vl 3Fo] Z54, A

!
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Fo 2 Wsh §lee BAT o We-2Rne] AT ot ERA, AR
AF gy Ao 2 WaE /g ox 2= AL ousic), oF g 7t AT
ow RVl oFetr]d AlEFe] Yol F7Fete] Sodium assay  kit(Bio
vision)Z o] &35l A AP APsAT}

(Fig. 3-34), ol& EdW= 19

A it

Sodium assay kit®] Standard curve®
A7t WobE vk 2w AFOIA

(Fig. 3-35. 3-36, 3-37).

Standard curve

y=0.2316x+ 0.4635~,

0.8

0.6
0.4
0.2

0

10 40 (ug)

20

Fig. 3-34. Standard curve of Na' by Sodium assay kit in 96-well plate
by microplate reader at 405 nm.

CON 944.9152
ZYM 1195.066 1.3 bj
BAR 1072.494 1.1 HH
PBG 1276.728 1.4 HY

Fig. 3-35. Na® concentration of ICR mouse urine which was

administered beta-glucan for 21 days (n

4). (CON : 3zt

ZH50 B E(sodium 10%) AFR A3, ZYM @ &% WE-Z

FZF 100 mg/kgell 5 E(sodium 10%) Al A3, BAR : Hg
HE-ZFF7F 100 mg/kgell 15 E(sodium 10%) AtE 43, PBG
A Al o] B EF-FF7F 100 mg/kgoll 1F = (sodium 10%) Ak
S EY

= A
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¥

4D 5D 6D 7D 8D 90 JoD 11D 12D 13D 14D 15D

Fig. 3-36.

Urine Na+ concentration of ICR mouse urine which was
administered beta-glucan for 21 days (n = 4). (CON : 32 &
Faol 1FEE(sodium 10%) AlE AH, ZYM @ &% HE-2F 7
100 mg/kgell 1% =(sodium 10%) Al= AF, BAR : H#] =E}-
F5F7F 100 mg/kgol 1% E(sodium 10%) A}E A%, PBG : A3
ALY HWEF-2F7F 100 mg/kgell 1% E(sodium 10%) AFE A 3H.)

sodium excretion ave

elimm)

CON

‘M BAR PBG

*p value < 0.01

Fig. 3-37.

Average Na+ concentration of ICR mouse urine which was
administered beta-glucan for 21 days (n = 4). (CON : 3z =
Faol FE(sodium 10%) Als AFH, ZYM @ &% HEl-=F 7
100 mg/kgell L& %=(sodium 10%) Al= 443, BAR : X #®|E}-
37 100 mg/kgol 1% E(sodium 10%) A}E A3, PBG : A3

WA wlEl-2F7F 100 mg/kgell L& =(sodium 10%) At& 413
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wel WE-S2F0s AT Fold Ag, 2R WAl wE-S s AT
Folgk ARt AW U YEF w57 Wolds & Utk 2 E E98ka
Control w3 HluadE wol= fFong oz A28 =58 & Atk
HEt-=F7s A7 7o nhf2olA Ao r YEF Hjdo] HE-=F3
= FoshA @2 w2 Bop £ AT Aol fr 230, B AR
(sodium 1%)E H<1 wp-2olAe] A= AA b= Ao gl Zls)] ®
71 Y& oF 45 7+ Metabolic cagedl ] HE AR (sodium 1%)2 A 23L&
I = S R = < e A =

BEALE (sodium 1%)9F 1% %(sodium 10%) Al&E
WOy YEF T2 W3 s B4 AWFoE mAdEE bE
=]

T (sodium 10%)AIEE H]

s
_&
<
[t
il
o
o
>
Yy
o
ol
i)
&
2y
o w
fru
i)
ru
o

g
3-39, 3-40, 3-41). =, A&l #AGle] HE-=F3S BT
avoe] EF wdo] WE-2R0E Folahx e vk

= Aol B

CON 206.9249 ¢ 3 Y
CON* 9449152

ZYM 5367.8463 ¢ 2 Y
ZYM™ 1195.066

BAR 391.3466 ¢ 2.9 H|f *
BAR™ 1072454

PBG 639.4368 ¢ 28y
PBG™ 1276.728

Fig. 3-38. Na" concentration of ICR mouse urine which was
administered beta-glucan for 21 days (n = 4). (CON : 10 ¢
7F 32 Z=HFo B E(sodium 1%) AR AF, ZYM : 10 97+ &
o E-Z57F 100 mg/kgol X E(sodium 1%) A& A 3F, BAR :
10 43t 1B wE-=257 100 mg/kgel 2 E(sodium 1%) A=
AF, PBG @ 10 43t iAol we-=F37F 100 mg/kgel HE
(sodium 1%) A& A3, CONx : 21 ¢ 33 FHFo 1s=
(sodium 10%) A}& A3, ZYMx* : 219 &9 &% WE-=F7
100 mg/kgell il% =(sodium 10%) A& 41#, BAR* @ 21¥ &<l
B WE-2F7 100 mg/kgol LFE=(sodium 10%) Als A3
PBG* @ 219 &<t F3HAle] wE-2F37F 100 mg/kgel i1s®
(sodium 10%) At5 A3#.)

A




excration(m)

00 11D 12D 138D 1

3-39.

Na® concentration of ICR mouse urine which was
administered beta—-glucan for 10 days (n = 4). (CON : 10 ¢
k37 SR B (sodium 1%) Al AH, ZYM @ 10 €3 &
2 E-2F7F 100 mg/kgol X% (sodium 1%) A= A3, BAR :
10 47F 2y WE-2FF7F 100 mg/kgel]l HE(sodium 1%) AL
A3, PBG 10 43F Agu Al we-2 737 100 mg/kgel E&
(sodium 1%) Ats A3

H
E 1200

3-40.

Na® concentration of ICR mouse urine which was
administered beta-glucan (n = 4). (CON : 10 ¥zt 33 S+
Fo ®F(sodium 1%) A= A3, ZYM : 10 43t &5 HE-=
F7F 100 mg/kgell HE(sodium 1%) A& 4F, BAR : 10 47+
B ME-2F7F 100 mg/kgel HE%5(sodium 1%) Al®: AH,
PBG @ 10 4zt Z3wAsle] #e-2F37 100 mg/kgel H&
(sodium 1%) A& 43, CONx : 219 5o 33 SHF o 1L
(sodium 10%) A& A3, ZYMx* @ 21Y %ot &% Hel-=
100 mg/kgel 1% = (sodium 10%) Al& A3F, BAR* : 21Y 5<t
B wE-2F7F 100 mg/kgol 11§ E(sodium 10%) Ats A3,
PBGx @ 219 &<t Z&wAlel wlel-=53F 100 mg/kgel gk
(sodium 10%) At A #.)
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5
CON

paat *pvalue < 0.001

Fig. 3-41. Na" concentration of ICR mouse urine which was
administered beta—glucan for 10 days (n = 4). (CON : 10 &
b 32 SRl HE(sodium 1%) AFE A3, ZYM @ 10 €3 &
e -2F7F 100 mg/kgol X% (sodium 1%) A= A3, BAR :
10 4zt ®Be] HE-FF3 100 mg/kgol EE(sodium 1%) A=
A3, PBG 10 43F A A we-2 537 100 mg/kgel E&
(sodium 1%) Als A #H. CON=x : 21¥ &<t 32k F#/ol
% (sodium 10%) Ats AFH, ZYM=* © 21¥ §9F &5 HE-=F
ZF 100 mg/kgol L% E(sodium 10%) AFE 41#, BAR* @ 21¥ &
o B HEl-2F7F 100 mg/kgol 15 =(sodium 10%) AFE A
F, PBG* : 21Y &<t AW Al Y wE-= 57 100 mg/kgel i1
E(sodium 10%) A= A1 #.)

3. Corin®] AT2E

FFMA) Weh-2EAEe ATF] F9L W o 2oA Corin FAASH T A B
[©)

fo] Frbstelom, 7t Corin® Pro-ANPE AWAA ANPE A4dstich. Ax =
ANPE Z+Zre] =840 #Agste] 71 %S etk A" ANP7F ANP receptoroﬂ

Ageke nPGI} Aot o Aol AstEs /1A AYE ANPE Aol
Jo =]

A Nael Wjd S XA o2 7hgstd 2 FA|od A Naol wjdo] SXES A5
44 ¥ ANPE wnt receptore] Z3std 28-S Uetd 4 ) oAl digh

A7 B AAe WS ol Aowd A%d e AAE B FTE o 4ol

.

ol¢ g idE Akl ado® FA ST (Fig. 3-42).
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Beta-glucan of Phellinus baumii

| Binding with ANP Receptor | | Binding with Wnt Receptor |

‘ Hypertension ‘ ‘ Heart Attack ‘ ‘ Cancer Therapy |

Fig. 3-42. Summary of Corin activities that were increased by the oral

administration of beta-glucan from P. baumii.

Al 32 MT AR Ty} a5
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7}. Microarray 4

ICR vwhg-2=9] A=Y o4t 7]3h
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653 F AFo] 20 + 4 g Balb/c mouse 3578 S A&kt (Pb 157, Cd 159
2], Control 5vt&]). vl 54 7S] 4 A SS A7l & FAFAE A&t on 2
2 3del g HA Lotk AR = 739 e™ moused] A
= A AAdERYH SASAY 243s =7 & group (PB), 7F=+# group
(Cd), Control®Z uxHt} A%k Lead acetate trihydrate (Sigma, 316512-5G,
C,H,0,Pv-3H,0 (MW 379.33) light sensitive, air sensitive, 99.999%), Cadmuim
nitrate tetrahydrate (Sigma, 20911-25G-F, CdN:;Os.4H-O (MW 308.48, 99.0%°]%) =
BAFAL skl o, PBG(AFE Al B-glucan) ¢t ZYM(E R B-glucan)S 7 45AF 31

o X
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2.

Fo]3 Pb group¥} Phbe} PBGE HA F
] o3 Pb-ZYM groupl = F+E3FAtt Ph
£ 10 mg/kg 5= 02 ml & 447t BG4 FA) g9 o Pb-ZYM¥ Pb-PBG group
& BFAkel SAld PBGSF ZYMS 100 mg/kgel F=2 0.1ml¥ 743 F4FAF 8
Atk 7t=F groups FFEERRE @02 Fod Cd group? Cdel PBGE A F
st Cd-PBG group, Cde} ZYM<S Al £33 Cd-ZYM groupl.= &3ttt Cd
5 mg/kg =2 02 ml A 443t 5454 s o Cd-ZYMY Cd-PBG group
AFAret sl PBGOF ZYMS 100 mg/kg® $%=2 0.1ml¥ 797 F4FAF &%
(Table 3-9). A& AL ZFH 149 Al sacrificer] A mouse?] I+, 2173, v HS
AEste] 70T 7Azx710l 247 2F AZA 71 & ICP-MS® #4389t}

o=
E
=
7

Zi_EJhIm\m_&

Table 3-9. Protocol and grouping for heavy metal clearance after Pb and Cd
administration in mice.

Group Pb(or Cd) PBG ZYM
Control
Pb o)
Pb group Pb-PBG o) o)
Pb-ZYM o) o)
Cd o
Cd group Cd-PBG 0 o
Cd-ZYM o o
2923}

7F. Microarray #2412 &3 MTe @& 1

PBEE ICR <7 7whg2el 19 = TdES TR 5, o
dichloromethane% 7| & AF&3Fo] FFAMA| ZTE microarray +4& I
% mRNAZ FZ3F3t}h 7HolA total RNA FE52S 7] 96, 150 mge] 3F
1.5 mle] RNA °<FA3s}A] 2k (Sigma-Aldrich, MO, USA)S. &2 A glslo] {2 x &g
s BREYH. tixzv % PBEA S AT CEZRE A& total RNAE Mouse
Gene 1.0 ST array (Affymetrix Inc., CA, USA)S Al-&3le] A3t Asn Al g
HEl-2F7 (PBE)S 13 4+4%9 39S 49+ microarray —réioﬂfﬂ MTlJJr
MT2 fraate] wao] ®stzh fllov 797 A7 FoI3t9s W= MTI3 MT29
AA 7y 742y 469, 11.38) F 7kttt (Table 3-10).

[>
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Table 3-10. Induction of MT1 and MT?2 in mouse liver tissue that was treated

with beta-glucan from P. baumii.

Average Fold
Gene

NO e Biological process Change
e SOA | MOA
= Remove toxic heavy metal ion
1 MT1 = Cellular metal ion homeostasis 1.0 4.6

= Detoxification on copper ion

=  Cellular zinc ion homeostasis
2 MT2 0.9 11.3
=  Detoxification of copper ion

b w2 A1 A MT fAe] Bd A

ICR v}$-20of WE-E3F7HS 747 A5 33S u 73 AA oA vhd H
A2 H3HE realtime PCRE #4134 e
A= HE HE-2F7 Fo473ES AQstas 2 Wyt iy (Fig. 3-43).

(A) (B)

Liver MT Realtime PCR Kidney MT Realtime PCR

1 k2 [ i
8 08
0 . 0
BAR PEG

CcoN IYM CON IVM

Fig. 3-43. Expression of MT mRNA in liver (pannel A) and kidney (pannel B) by
real time PCR analysis. CON: Control; ZYM: Zymosan, BAR: Beta glucan
from Barley, PBG: Phellinus baumii beta glucan. Analyzed by AmpiGene
gPCR Green Mix Hi-Rox(Enzo), ABI-7000. Polymerase activation 2 min,
95C, 1 cycle, Denaturation 5 sec, 95 C, Annealing/Extension 30 sec, 65
C, 40 cylces. 18s rRNA Forward : ACC GCA GCT AGG AAT AAT
GGA ATA, Reverse : CTT TCG CTC TGG TCC GTC TT, MT Forward
: CTG TGC CTG AAG TGA CGA AC, Reverse : CAC ATG CTC GGT
AGA AAA CGG.
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th 7N F SRS B4

Pbe] control groupol®= PbE 10 mg/kg FEE 0.2 ml & 4U7F E4FAF o,
Pb-ZYM¥} Pb-PBG group< H7d5Akel F Aol PBGSF ZYM& 100 mg/kgel &%=

0.1ml¥ 743t FAFA stATh FtEH groups FFEERES WEo® Fogk Cd
group¥} Cd¢} PBGE TA %93 Cd-PBG group, Cd¢t ZYM<S FA Fo3
Cd-ZYM groupl.& &3ttt CdE 5 meg/keg 5= 02 ml & 497F B34 3
om Cd-ZYM# Cd-PBG group H75FARsE 210 PBG9H ZYM2S 100 mg/kg ]
TEZ 0.1mlY 7Y FATAF ST A AL ERREEH 149 &Hoﬂ sacrificeA] 7]

mouse?] 7+, A BHFS HEFslo] 70T AF7|o 24X 7 AXAZ T ICP-MS&E &
Al ek T

O Ay ZF Phe FE+E spleendA M ¥ w2 UEytoau, PBGHRUT
zymosan group®lA B 2 &35 YEeEFHAT. 2F oA Phbe v spleenE. thi= U]
k3l o o] F ol %= zymosan® &¥r} PBGEU Z3A PbE i st (Fig.
3-44). 3+AH Cde] widS 2E F7]olA PhulAd ®H ) w| ekl Wl El-=F7F2 spleen
I kidneyoll Al T 550144 S EX5EA Y. Cdel vlAd A F o A= zymosank.th+= PBG2)
297F o Edoew, Cde] MAFZHaArE vt (Fig. 3-45). oleldh Az n|Fof
Ao A1&H WE-2FS Pb B Cd 59 T55 &S %—2]3}“ om ol gk
TaHilE S7tEsS T WE-S 77 gste] FrtE MT fd#ke] 7118k
o Z A7 E

0{

W

Spleen
1.500
i
Plumbum
B
21.000
=
H I ,
A
=
; 500 4§9 b
2
207.2
17
gk [ |
Pb-C Pb Pb-ZYM Pb-PBG
- Kidney
% Liver 3 5
5 4
kd ®
o 26 — 540 —
2 2
£ £ 20 —
13 —] —
£ i
1 1
0 | — : : ; 0 T ‘ ‘ ‘
Pb-C Pb Pb-ZYM Pb-PBG Pb-C Pb Pb-ZYM Pb-PBG

Fig. 3-44. Residual concentrations of Pb in liver /kidney /spleen, liver and kidney in

mice that was treated with beta-glucan from P. baumii.
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£ 8 -
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© 112.41
1
o . . :
cd-C cd CcdZYM Cd-PBG
- Liver i Kidney
241 243 _‘7-8_ i
T 227
___E 1
B 200 L
5 )
E S E3p Lia.
8 100 8
1 1
0 » T . 4 0
cd-c cd Cd-ZYM Cd-PBG cd-Cc cd CdZYM Cd-PBG

Fig. 3-45. Residual concentrations of Cd in spleen, liver and kidney in mice that

was treated with beta-glucan from P. baumii.
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3. Metallothionein & 23] A=

2 AAE Sste] deld AL
o UA F7sk
metallothionein (MT
S7he FEH Al g
of oJFjME dojFS B
corin %A}, 18]31 metallothionein (MT) A *e] W& ZF7F= realtime PCR=Z
1S gtt] Z7lE SAA ] 93 WEEH 28-S AT EE i
WE -2 F7H> Bl AX AFFARE 571 HA &S Aol Azea
A3 ol & "E e AYoA AFFAT WE-SF7te] A HdS
= 1 2 7HA 2 e w2 AT E

A
g oHE-2F e 2N FaE & Hey, d¥eele 2t 45E Ao

T

A

I FAAME FMOALS F#AA, corin A, I

Zpo]l wtdo] A F7hEHS wrEUIdh ol # 3k -2 AFe
ogt o]FE3st= Flo] ofye a8 T X9 WE-ZF

Ll
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dAoletar & 5 vk olH g A7 Al U WES 2de2 aoksdnt (Fig. 3-46).
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Phellinus B-Glucan ‘

Anti-cancer
Anti-hypertension

Removal of
heavy metals
(Cd, Pb)

Removal of
xenobiotics
(carbendazim)

Fig. 3-46. Conclusion and summary of biological function by Phellinus beta-glucan in

mice.
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